Introduction
============

Coronary artery disease (CAD) is a prevalent disease that poses a serious threat to public health. Early detection and treatment significantly increase the chance of survival for CAD patients. Although vascular intervention is the most direct and accurate method to diagnose and treat CAD and other atherosclerotic diseases, its clinical application is still limitated to early atherosclerosis, and it is hampered by its invasiveness, high cost, inconvenient continuous monitoring, and frequent follow-up visits. Identification of at-risk patients by biological markers in the peripheral blood could suggest preventative strategies to decrease cardiovascular risk.

Atherosclerosis is the pathological basis of CAD, and evidence has shown that inflammatory response takes part in the whole process of plaque formation, rupture and thrombogenesis^\[^[@R1]--[@R3]^\]^. Vascular remodeling and extracellular matrix (ECM) degradation also play important roles in the process^\[^[@R4]--[@R5]^\]^, and vascular remodeling requires that the ECM be degraded by specific cathepsin cysteine protease^\[^[@R6]^\]^. Stimulated by inflammatory mediators, vascular smooth muscle cells secrete cathepsin cysteine proteases S (cathepsin S), whose elastolytic activity^\[^[@R7]^\]^ accelerates destruction of arterial elastin. As a member of cysteine protease inhibitor super-families, cystatin C shows the highest inhibitory action on cathepsins S^\[^[@R8]^\]^.

Although substantial literatures have reported the relationship between the three biomarkers and CAD, they emphasized the relationship of individual biomarkers in CAD patients and the severity of atherosclerotic lesions of the coronary arteries. The use of three biomarkers in clinical classification of CAD has not been adequately assessed. Meanwhile, whether serum levels of three biomarkers correlated with Gensini score has not been investigated. In this study, we simultaneously measured the serum levels of cystatin C, cathepsin S, and interleukin-1β (IL-1 b)in CAD subjectse to investigate whether these non-invasive biomarkers were useful in clinical classification and assessment of the severity of CAD.

Subjects and methods
====================

Subjects
--------

We enrolled consecutive 112 patients (91 men and 21 women) who had typical symptoms of chest pain or myocardial ischemia on electrocardiogram (ECG), or who had at least one vessel stenosis ≥ 50% on CAG. These patients visited the Department of Cardiology at the Affiliated Hospital of Xuzhou Medical College between January 2014 and January 2015. Meanwhile, 50 healthy volunteers (39 men and 11 women) all underwent physical examination, and each health check-up was given an overall health valuation by cardiologists. The white blood cell count and erythrocyte sedimentation rate of the study subjects were in the normal range.

The healthy controls were assigned to group I. Patients who had typical symptom of chest pain with triggers and transient ST segment depression ST ≥ 1 mm were assigned to the stable angina group (group II). Patients who had typical symptom of chest pain at rest and sustainable ST segment depression ST ≥ 1 mm (segment elevation: limb leads ≥ 1 mm, chest leads ≥ 2 mm) were assigned to the unstable angina pectoris group (group III). Patients who had sustainable symptom of chest pain with pathological Q wave were assigned to the acute myocardial infarction group (group IV). Subjects with suspected CAD underwent coronary angiography. We excluded patients with any history of cardiac valve disease (heart murmur on auscultation, or valve regurgitation on color Doppler ), cardiomyopathy, congestive heart disease, thyroid disease, renal insufficiency (creatine clearance rate\<20 mL/minute), cerebrovascular disease, acute or chronic infectious disease, autoimmune disease, cancer or erythrocyte sedimentation rate (ESR\>20 mm/hour). The estimated glomerular filtration rate (eGFR) was calculated using the Modification of Diet in Renal Disease formula.

The study protocol was approved by the local institutional board at the authors\' affiliated institution and informed consent was obtained from all study subjects.

Blood and biochemistry tests
----------------------------

White blood cell (WBC) count and ESR were determined by blood routine examination. Furthermore, after overnight fasting, peripheral blood samples of patients were respectively taken from an antecubital vein in the morning before CAG for measurement of total cholesterol (TC), triglycerides, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), blood urea nitrogen (BUN) and serum creatinine (Scr).

ELISA
-----

Venous blood samples were taken from subjects after an overnight fast, and from group II patients immediately after they came to the emergency room. Blood samples were centrifuged at 3000 r/minute, and serum samples were collected and stored at −80°C. We measured concentrations of cystatin C by using the Human Cystatin C ELISA kit as instructed by the manufacturer (Elabscience Biotechnology Co., Ltd, Wuhan, Hubei, China). Concentrations of cathepsin S were measured using the Human Cathepsin S ELISA kit (Elabscience). Levels of IL-1 bwere detected by the Human IL-1 bELISA kit (Elabscience).

Coronary angiography and Gensini score
--------------------------------------

A technologist performed coronary angiography through right femoral catheterization on patients who had symptoms of exertional dyspnea, chest pain and changes of ST segment and T wave on ECG. Two blinded experienced interventional cardiologists interpreted degrees of coronary artery stenosis. A modified Gensini scoring system^\[^[@R9]^\]^ was used to assess the degree of vascular stenosis according to the results of CAG.

Data analysis
-------------

Patients were grouped according to the results of coronary angiography. Continuous variables with a normal distribution at baseline were expressed as mean (SD), and variables with a non-normal distribution were expressed as median (25^th^-75^th^ percentile). Independent-sample T test was used for analyzing baseline characteristics of the study participants. One-way ANOVA was used for testing differences of three biomarkers in the three groups of patients. We used Spearman rank correlation to investigate the relationship of cystatin C, cathepsin S, IL-1β and Gensini score. Bivariate correlations were indicated by Spearman coefficient. A bilateral*P*\<0.05 was considered significant for all tests. Statistical analysis was performed with SPSS 15.0.

Results
=======

Baseline characteristics of the study population
------------------------------------------------

We included 112 patients with CAD and 50 healthy controls in this study. Among the 162 participants, significant differences were found in age, LDC-C, diastolic blood pressure (DBP), systolic blood pressure (SBP), WBC, ESR, history of drinking, smoking and diabetes (*P\<*0.05). However, there were no significant differences in gender, HDL-C, TC, TG, Scr, and BUN between CAD patients and healthy subjects (*P*\>0.05). Baseline characteristics of the participants are summarized in ***Table 1***.

###### 

Characteristics of patients and controls

  Variable               Healthy controls (*n*=50)   SAP (*n*=42)   UAP (*n*=40)   AMI (*n*=30)   *P*
  ---------------------- --------------------------- -------------- -------------- -------------- ------
  Age                    55.1±11.8                   54.2±7.8       56.3±8.6       58.2±9.5       0.03
  Male (%)               78.0                        76.1           69.1           83.3           0.21
  LDL-C (mmol/L)         3.0±0.8                     3.4±0.7        3.9±0.6        3.3±0.3        0.04
  HDL-C (mmol/L)         1.2±0.2                     1.2±0.1        1.6±0.3        1.1±0.2        0.45
  TC (mmol/L)            4.2±0.8                     4.6±0.7        4.3±0.2        4.5±0.4        0.32
  TG (mmol/L)            1.1±0.5                     1.8±0.4        2.0±0.2        2.3±0.1        0.16
  Scr (µmol/L)           77.3±6.2                    78.1±7.4       75.6±8.1       73.1±10.2      0.30
  BUN (mmol/L)           6.6±3.4                     6.8±3.5        6.7±3.0        6.9±2.7        0.26
  Diastolic BP (mm Hg)   76.2±9.4                    79.1±5.6       78.0±10.2      85.3±12.4      0.01
  Systolic BP (mm Hg)    119.5±10.6                  121.0±7.6      129.4±11.2     134.6±7.9      0.02
  Diabetes (%)           12.0                        15.0           15.6           18.1           0.00
  Drinking (%)           72.0                        71.1           81.2           76.0           0.01
  Smoking (%)            56.0                        75.4           65.4           80.2           0.00
  WBC (×10 ^9^/L)        4.6±0.2                     4.4±0.3        10.4±1.5       11.2±0.8       0.01
  SR (mm/L)              15.1±2.8                    14.9±2.5       18.1±3.2       20.5±5.6       0.03

Patients with acute myocardial infarction exhibit significant elevations in cystatin C, cathepsin S and IL-1β
-------------------------------------------------------------------------------------------------------------

Group I had the lowest mean levels of cystatin C (0.78±0.07 mg/mL) and group IV had the highest levels (1.27±0.18 mg/mL) (***Table 2***). In addition, group I had the lowest mean levels of cathepsin S (30.88±2.94 ng/mL) and group IV had the highest levels (67.30±8.36 ng/mL). The mean levels of IL-1 bwere also the lowest in healthy controls (2.02±0.13 pg/mL) and the highest in group IV (2.96±0.57 pg/mL). One-way ANOVA test showed that the F value of cystatin C levels, cathepsin S levels, IL-1 blevels in different groups was 92.70, 320.87, and 68.77, respectively. Furthermore, cathepsin S showed the most obvious variance between healthy controls and patients with CAD (***Fig. 1A--C***). There were significant differences in the mean levels of these biomarkers between the groups (*P\<*0.05, ***Table 2***).

###### 

Levels of the three biomarkers in CAD patients

  -----------------------------------------------------------------------------------
  Bio-marker     Controls\    SAP\         UAP\         AMI\         *F*      *P*
                 (*n*=50)     (*n*=42)     (*n*=40)     (*n*=30)              
  -------------- ------------ ------------ ------------ ------------ -------- -------
  Cystatin C\    0.78±0.07    0.91±0.05    1.09±0.19    1.27±0.18    92.70    0.000
  (mg/L)                                                                      

  Cathepsin S\   30.88±2.94   49.80±2.72   56.90±7.16   67.30±8.36   320.87   0.000
  (ng/mL)                                                                     

  IL-1β\         2.02±0.13    2.28±0.09    2.46±0.24    2.96±0.57    68.77    0.000
  (pg/mL)                                                                     
  -----------------------------------------------------------------------------------
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Cystatin C, cathepsin S, and IL-1β levels correlate with Gensini score
----------------------------------------------------------------------

Bivariate correlations were performed to investigate relationships of cystatin C, cathepsin S, IL-1β and Gensini score. Positive correlations were found among cystatin C, cathepsin S, IL-1 band Gensini score. Coefficient of rank correlations was 0.451, 0.491, and 0.397, respectively, and*P* value was 0.004, 0.000, and 0.000, respectively. Significant difference was found between the levels of these biomarkers and Gensini score.

Discussion
==========

Existing literature mostly focuses on association of cathepsin S and CAD, cystatin C and CAD, as well as inflammatory cytokines and CAD. However, the prognostic value of combined cathepsin S, cystatin C and IL-1β on differentiating clinical classification of CAD has not been reported. Levels of cystatin C change in nephropathy patients, cathepsin S changes in patients with vascular disease, and levels of IL-1 bincrease in inflammatory diseases. In this study, we aimed to assess the prognostic value of combined cathepsin S, cystatin C and IL-1 bon differentiating clinical classification of CAD. The results of this study suggested that IL-1β, cathepsin S, and cystatin C were all significantly different among the groups and the levels of the three biomarkers correlated with severity of CAD.

Jernberg *et al.* considered cystatin C as a novel predictor of suspected or confirmed non-ST-elevation acute coronary syndrome^\[^[@R10]^\]^. Deo*et al.* studied association of cystatin C with ischemia in patients with coronary heart disease^\[^[@R11]^\]^. Koc *et al.* investigated clinical utility of serum cystatin C in predicting CAD^\[^[@R12]^\]^. Ichimoto *et al.* studied the prognostic significance of cystatin C in patients with ST-elevation myocardial infarction^\[^[@R13]^\]^. Their studies all showed a close relationship between cystatin C and CAD. In our study, we observed that levels of cystatin C in CAD patients were much higher than those in healthy controls, and high levels of cystatin C had a close association with the severity of CAD. Therefore, cystatin C may be a promising and clinically useful marker that provides complementary information to the established risk determinants in patients with CAD. Our results are in accordance with some studies^\[^[@R10],[@R12]--[@R14]^\]^ that also showed a rising trend of more severe CAD and worse clinical outcomes with higher cystatin C levels, and are contrary to those by Sukhova*et al.*^\[^[@R15]^\]^ and Noto *et al.*^\[^[@R16]^\]^, Koc *et al.*^\[^[@R17]^\]^, Sekizuca *et al.*^\[^[@R18]^\]^, and Wang *et al.*^\[^[@R19]^\]^ who suggested that elevated cystatin C was significantly associated with the presence and severity of CAD in patients with normal renal function.

Furthermore, serum cathepsin S is suggested as a potential biomarker. Protein expression studies showed that normal human arteries sparsely expressed cathepsin S^\[^[@R20]^\]^. Our study suggest that cathepsin S between healthy controls and patients with CAD had the largest gap among the three biomarkers, and its level increased with the aggravation of CAD, which is the same as the findings by Suzanne*et al.*^\[^[@R20]--[@R21]^\]^. It might be speculated that elevated plasma concentrations of cystatin C in patients with manifest cardiovascular disease and a future secondary event represent in part a compensatory mechanism for the increased activity of elastolytic proteases in an attempt to restore the physiologic balance between proteases and their main inhibitor^\[^[@R22]^\]^. Imbalance in cystatin C and cathepsin S in serum may explain our results that levels of cystatin C and cathepsin S increase in CAD .

Inflammatory response exists in the whole process of atherosclerosis^\[^[@R23]^\]^. IL-1β is a typical pro-inflammatory cytokine, which recruits inflammatory cells to the lesion site leading to injury of vascular tissues^\[^[@R24]^\]^. Stimulated by IL-1β, vascular smooth muscle cells secreted large numbers of cathepsin S and K. Permeating into cytoplasm and tissue space, cathepsin S and K promoted over-expression of cysteine protease in arterial elastin injured part. The present study showed that elevated IL-1β is associated with the presence and severity of CAD, and the result is the same with the previous studies^\[^[@R25]--[@R28]^\]^. During injury of blood vessels, production of inflammatory cytokines increase, which in turn stimulate the production of elastolytic cysteine proteases such as cathepsin S. This could explain increased levels of IL-1 band cathepsin S increase in CAD.

In our study, Gensini score that presents the severity of coronary artery stenosis is different in three clinical classifications of CAD. In an analysis of bivariate correlation, Gensini score shows positive correlations to cystatin C (r=0.451), cathepsin S (r=0.491), and IL-1β (r=0.397). Clear correlations suggest that serum levels of the three biomarkers could reflect the severity of coronary artery stenosis indirectly. Higher levels of mutiple biomarkers in patients with more severe CAD suggest that their clinical usefulness as potential biomarkers for identification of high risk CAD patients.

In summary, simultaneous detection of cystatin C, cathepsin S and IL-1β may be useful for differentiating clinical classification and diagnosing the severity of CAD. However, these data are limited, and we need greater samples to delineate the relationship between the biomarkers and CAD.
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